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Figure 1 from Soares-Santos, M., et al. "The Electromagnetic
Counterpart of the Binary Neutron Star Merger LIGO/Virgo
GW170817. I. Discovery of the Optical Counterpart Using the
Dark Energy Camera." 2017, ApJL, 848, L16.
awarded the 2017 Nobel Prize in Physics), these detections demonstrated the existence of
stellar mass black hole binaries, in some cases reaching upward of 30 solar masses. Although
no obvious EM counterparts were expected, and despite the poor localization regions of
hundreds of square degrees, several searches for counterparts were carried out, leading to
inconclusive results. From O2 two additional black hole binary mergers were announced,
GW170104 and GW170814; the latter marked the first joint detection by the three-detector
network of Advanced LIGO and Virgo, with an order of magnitude improvement in sky
localization.
The operation of a three-detector network played a significant role in the results presented here.
On 2017 August 17 the Advanced LIGO/Virgo network detected a high-significance GW event
resulting from a binary neutron star merger at a distance of about 30—50 Mpc; the event was
identified within a few minutes of detection. A weak short gamma-ray burst was independently
detected and announced by the Fermi Gamma-ray Burst Monitor (and later on by INTEGRAL)
from the same sky location, but with a delay of about 2 s relative to the GW merger. The three-
detector skymap had a 90% credible area of only 30 square degrees. The relatively small sky
area and distance of GW170817 (compared to the previous GW detections), the detected
gamma-ray emission, and the expectation for other EM signals motivated several groups to
search for an optical counterpart as soon as the source became visible from South America
about 11 hours post-merger. Using both a galaxy-targeting strategy and wide-field imaging,
several groups were able to rapidly identify an optical counterpart to GW170817 in the galaxy
NGC 4993 at a distance of about 40 Mpc.
The precise localization of the EM
counterpart opened the proverbial
floodgates. Within the subsequent
hours, days, and weeks multiple ground-
and space-based telescopes were
utilized to track the photometric
evolution and to obtain spectra of the
transient in the ultraviolet (UV), optical,
and infrared (IR); to obtain X-ray
imaging; and to search for a radio
counterpart. The UV/optical/IR light
curves and spectra of the transient are
unlike any previously seen. The light
curves exhibit a rapid decline in
brightness and a rapid transition of the spectral peak from the UV to the IR. The spectra exhibit
similar rapid evolution from an initial featureless blackbody shape, peaking in the UV at about 1
day after merger, to an IR-dominated spectrum with broad absorption features only a few days
later. In detail, both the light curves and spectra closely res mble predictions for a ‘kilonova’ a
transient powered by radioactive decay of heavy nuclei and isotopes synthesized through the r-
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magniﬁcation insets give a picture of the ﬁrst detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the ﬁrst X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identiﬁcation of spectral features in this band (for details McCully et al. 2017b).
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•  This	  event	  is	  the	  ﬁrst	  unambiguous	  joint	  
detecVon	  of	  gravitaVonal	  waves	  and	  
electromagneVc	  radiaVon	  
•  The	  unprecedented	  range	  of	  electromagneVc	  
ﬁreworks	  included	  the	  enVre	  spectrum,	  from	  
gamma-­‐rays	  to	  radio	  waves.	  	  
•  Combining	  these	  observaVons	  we	  can	  learn	  
fundamental	  physics	  
–  the	  speed	  of	  gravity	  
–  the	  composiVon	  of	  the	  densest	  maler	  in	  the	  universe	  
–  	  the	  local	  expansion	  rate	  of	  the	  universe	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